Abstract: Significant racial and ethnic disparities in maternal morbidity and mortality exist in the United States. Black women are 3 to 4 times more likely to die a pregnancy-related death as compared with white women. Growing research indicates that quality of health care, from preconception through postpartum care, may be a critical lever for improving outcomes for racial and ethnic minority women. This article reviews racial and ethnic disparities in severe maternal morbidities and mortality, underlying drivers of these disparities, and potential levers to reduce their occurrence.
Introduction
Non-Hispanic black women are 3 to 4 times more likely to die from pregnancyrelated causes than non-Hispanic white women. 1 This disparity in maternal death, defined within 1 year of pregnancy caused by a pregnancy complication, a chain of events initiated by pregnancy, or the aggravation of unrelated condition by the physiological effects of pregnancy, 2 has existed for over a century and has actually widened over the last hundred years. 3, 4 Currently, it represents the largest disparity among all the conventional population perinatal health measures. 1 Non-Hispanic black women have had the fastest rate of increase in maternal deaths between 2007 and 2014 and have maternal death rates up to 12 times higher in some cities than non-Hispanic white women. 5, 6 Pregnancy-related mortality is also elevated among Native Americans/ Native Alaskans, Asians/Pacific Islanders, and for certain subgroups of Hispanic women including Puerto Ricans in specific regions within the United States. [6] [7] [8] For every maternal death, 100 women suffer a severe obstetric morbidity, a life threatening diagnosis or undergo a lifesaving procedure during their delivery hospitalization. 9 Severe maternal morbidity affects > 60,000 women annually in the United States and has been on the rise over the last few decades. 9, 10 Severe morbidity poses an enormous risk to women's health and well-being and similar to pregnancy-related mortality, racial and ethnic minority women have higher rates of severe maternal morbidity events. 11, 12 In fact, non-Hispanic black women have the highest rates for 22 of 25 severe morbidity indicators used by the Center for Disease Control (CDC) to monitor population estimates for severe maternal morbidity. 11 Given these disturbing trends growing attention has focused on reducing racial and ethnic disparities in maternal morbidity and mortality rates in the United States. The fact that the risk of a pregnancy-related death for black women in some regions of the United States is similar to risk for women in some developing countries has alarmed health professionals, patients, and policy makers. The American College of Obstetricians, and Gynecologists, Society for Maternal Fetal Medicine, the Council on Patient Safety in Women's Health Care, and Maternal Child Health Bureau are a few of the many health advocacy and health professional organizations now committed to policies to reduce these disparities. 13 To date a great deal of research has demonstrated that nearly half of severe maternal morbidity events and maternal deaths are preventable making quality of health care a critical lever to address racial and ethnic disparities in their occurrence. 14 Research by our team has focused on understanding how quality of hospital care, specifically delivery and hospital care, contributes to racial and ethnic disparities in severe maternal morbidity and mortality rates. Others have investigated how preconception care, antenatal care, and postpartum care may contribute to racial/ethnic disparities in maternal health outcomes. This article reviews racial and ethnic disparities in severe maternal morbidities and mortality, underlying drivers of these disparities, and potential levers to reduce these disparities throughout the continuum of maternity care. In this review, I refer to non-Hispanic black as black and nonHispanic white as white.
Conceptual Model
Disparities, defined as "differences that result in a particular type of health difference that is closely linked with economic, social, or environmental disadvantage," 15 are complex and are the result of numerous factors including social, environmental, biological, genetic, behavioral, as well as health care factors. Below is a model demonstrating pathways to racial and ethnic disparities in severe maternal morbidity and mortality (Fig. 1) .
The model highlights the importance of social determinants and includes patient factors (eg, socioeconomic status, race and ethnicity, sex, behaviors, beliefs, biology, genetics), community and neighborhood factors (eg, social networks and built environment, housing,), provider factors (eg, knowledge, implicit bias, communication), and system factors (eg, access to high quality care, structural racism, social and political policies, health care institutions). 16, 17 The combination of these factors results in maternal health status including the presence of clinical comorbidities and pregnancy complications which may or may not lead to severe maternal morbidity or mortality. The cycle of preconception, antenatal, delivery, and postpartum care are closely linked and care at each phase across the continuum can impact severe maternal morbidity and mortality. The social significance of race is indisputable and racial disparities in maternal health have roots in inequalities in the provision of health care at the system level, the provider level, and the patient level. Black women experience higher mortality from cardiomyopathy, hypertensive disorders of pregnancy, and hemorrhage while Hispanic women have an increased risk of death due to hypertensive disorders. 7, 19 A national study which investigated pregnancy-related mortality among black versus white women found that black women had a case-fatality rate 2.4 to 3.3 times higher than that of white women for 5 specific pregnancy complications including preeclampsia, eclampsia, abruptio placentae, placenta previa, and postpartum hemorrhage. 20 In a review of North Carolina maternal deaths, black versus white women had higher ratios of pregnancyrelated death from cardiomyopathy, hemorrhage, and respiratory complications with relative risks of 4.6 [95% confidence interval (CI), 2.2-9.9], 4.9 (95% CI, 1.2-19.4), and 6.1 (95% CI, 1.2-31.3), respectively. 19 The leading cause of death in Hispanic women following pregnancy was hypertensive disease placing them at a 3-fold increased risk of death due to this complication. 7 In a study investigating factors associated with mortality in pregnant women with severe morbidity, researchers found among women with a diagnosis of Other studies demonstrate women with preeclampsia have higher rates of maternal and obstetric complications and experience higher adjusted mortality than white women.
22
Similar to maternal mortality rates, rates of severe maternal morbidity are higher in racial and ethnic minority women. 12, 23, 24 In a population-based case-control study using linked birth certificate and state discharge abstract data, investigators reported an increased risk for severe maternal morbidity among all ethnic minority women versus whites with the highest rate being reported for blacks. 12 Black, Hispanic, Asian/Pacific Islander, and American Indian/Alaska Native women had 2.1, 1.3, 1.2, and 1.7 times higher rates of severe morbidity compared with white women in data from 7 states. 11 Similarly population-based data from New York City demonstrate that severe maternal morbidity rates were higher among black and Hispanic versus white women (4.2% and 2.7% vs. 1.5%, respectively). 23, 25 Not only do black women have higher case-fatality rates but they also are more likely to experience comorbid illnesses and pregnancy complications. Black women have higher rates of certain types of hemorrhage, 26 preeclampsia-even among women without preexisting chronic hypertension, 27 asthma, 28 cardiac events, and infections. Using national delivery data our team documented that black versus white women had elevated rates of pregnancy-induced and chronic hypertension, asthma, placental disorders, gestational diabetes, preexisting diabetes, and blood disorders. 29 Black women experienced higher rates for 11 of 17 comorbidities examined using population-based data from New York City including diseases such as asthma, hypertension, and diabetes. 23 While the overall burden of complications is higher for blacks than whites and rates for Asians and Hispanics are similar to whites, 30 studies suggest that rates of postpartum hemorrhage, third and fourth degree lacerations, and major puerperal infections are higher among Asians than whites. Hispanic women have greater odds of postpartum hemorrhage, diabetes, and major puerperal infections than whites. 30, 31 In a study investigating severe maternal morbidity rates among whites and Hispanics, Hispanic women experienced 8 of 11 comorbidities more frequently than white women. 25 Data also suggest that racial and ethnic minority women, particularly black women, develop these conditions at earlier ages, are less likely to have their conditions adequately managed, and more likely to have complications and mortality from these conditions. 32 In addition to chronic illness and pregnancy complications other known risk factors for pregnancy-related mortality and severe morbidity are advanced maternal age, no prenatal care, lower levels of educational attainment, and low socioeconomic status. 3, 29, 33 However, the increased risk of maternal death among racial and ethnic minority women appears to be, at least in part, independent of sociodemographic risk. 34 Adjustment for sociodemographic and reproductive factors has not explained the racial gap in pregnancy-related mortality in most studies. For instance, in one study, adjustment for maternal age, income, hypertension, gestational age at delivery, and receipt of prenatal care only reduced odds ratios for pregnancy-related mortality from 3.07 (95% CI, 2.0-4.54) to 2.65 (95% CI, 1.73-4.07). 19 Another study found the largest racial disparity among women with the lowest risk of 390 Howell www.clinicalobgyn.com pregnancy-related disease. 3 Data suggest that a web of factors including higher prevalence of comorbidities and pregnancy complications, lower socioeconomic status, and less access to prenatal care, contribute to but do not fully explain the elevated rates of severe maternal morbidity and mortality among racial and ethnic minority women.
Delivery Hospital Quality and Disparities
Recent data suggests that a sizeable portion of racial and ethnic disparities in severe maternal morbidity and mortality may be explained by variation in hospital quality. Several recent investigations have found that racial and ethnic minority women deliver in different and lower quality hospitals than whites. 23, 29 Using national data, we found that 75% of black deliveries in the United States occurred in a quarter of hospitals, whereas only 18% of whites delivered in those same hospitals. 29 Further, hospitals that disproportionately cared for black deliveries had higher risk-adjusted severe maternal morbidity rates for both black and white women in those hospitals.
In a series of studies we conducted using population-based data from New York City, we found that black women were more likely to deliver in hospitals with higher riskadjusted severe maternal morbidity rates and that racial differences in the distribution of deliveries may contribute to the black/ white disparities in severe maternal morbidity rates. 23, 29 Severe maternal morbidity rates varied 6-fold across New York City hospitals and the cumulative distribution of deliveries among hospitals ranked from lowest to highest morbidity rates differed for black and white mothers (P < 0.001) (Fig. 2) . 23 The majority of white deliveries (65.3%) occurred in the lowest tertile for severe morbidity compared with 23.3% of all black deliveries. We utilized a simulation method to quantify the impact of delivery location on the disparity and estimated that if black women delivered at the same hospitals as white women, nearly 1000 black women could avoid severe morbid events during their delivery FIGURE 2. Cumulative distributions of deliveries according to hospital, ranked from lowest to highest morbidity ratio for black and white mothers. N-H indicates non-Hispanic. Adapted with permission from Howell. 23 Adaptations are themselves works protected by copyright. So in order to publish this adaptation, authorization must be obtained both from the owner of the copyright in the original work and from the owner of copyright in the translation or adaptation.
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hospitalizations which would reduce the black severe maternal morbidity rate from 4.2% to 2.9%. We conducted similar analyses for Hispanic versus white women in New York City. 25 If Hispanic mothers went to hospitals in the same proportion as white mothers we estimate that 485 few morbid events would occur among Hispanic women in New York City and the Hispanic severe maternal morbidity rate would be reduced from 2.7% to 2.3%. Others have also found that black-serving hospitals performed worse than other hospitals on delivery-related indicators using data from 7 states. 35 The results in obstetrics are similar to a number of studies in other areas of medicine which have demonstrated that minorities receive care in different and lower quality hospitals than whites. 24, 36 Studies of acute myocardial infarction, stroke, and very low birthweight neonatal mortality, have shown that black patients tend to receive care in hospitals with higher mortality rates and lower rates of effective evidence-based medical treatments compared with white patients. [36] [37] [38] These studies suggest that place matters and there is growing attention to improving quality of care during delivery hospitalization to reduce disparities in maternal mortality and morbidity. It also important to note that racial and ethnic disparities have been documented both between hospitals and within hospitals and improvements in quality of care may address both of these causes of disparities.
Antenatal Care and Disparities
Early and adequate prenatal care is thought to promote healthy pregnancies through screening and management of a woman's risk factors and health conditions and to promote health behaviors during pregnancy.
A number of studies have demonstrated an association between fewer prenatal visits and poorer pregnancy outcomes such as low birthweight, preterm birth, and infant mortality. 39, 40 The association of antenatal care with maternal outcomes is less established. However, data do suggest that no or few prenatal visits are associated with maternal death and severe maternal morbidity. 19, 23, 25 Among pregnancy-related deaths from 2011 to 2013 in the United States for whom onset of prenatal care was known, 24.5% had started their prenatal care in the second or third trimester and 8.5% had not received any care. 2 Timing and receipt of prenatal care vary greatly by race and ethnicity. First trimester prenatal care initiation was highest for white and Asian women (79% and 78%, respectively), followed by multiple race and Hispanic women (71% and 69%, respectively), and was lowest for black, American Indian/Alaska Native, and Native Hawaiian/ other Pacific Island women (64%, 59%, and 55%, respectively) in 2012. 41 Population-based studies have documented that black and Hispanic women are nearly 4 times and 2 times, respectively, to receive 0-5 prenatal care visits as compared with white women. 23, 25 Insurance status, availability of transportation, and other social factors likely play a role in receipt and timing of prenatal care.
Antenatal access to maternal fetal medicine specialists and medicine subspecialists is recommended to improve outcomes among pregnant women with chronic illness and pregnancy-related complications. [42] [43] [44] Studies have shown that the density of maternal fetal medicine specialists is significantly and inversely associated with maternal mortality ratios. 45 Appropriate availability of specialized services beyond maternal fetal medicine specialist (eg, cardiologists, infection disease specialists, etc.) and multidisciplinary care are also important for healthy pregnancies. 46 Less frequent visits to a maternal fetal medicine specialists or indicated medicine subspecialists for women with chronic illness may results in adverse pregnancy outcomes, 47 and many women do not see a subspecialist when one is necessary. Many women are not referred to a maternal fetal medicine specialists despite having chronic 392 Howell conditions. 48 In a survey, 31% of generalist ob/gyns were not satisfied with the maternal fetal medicine services available to them for their patients. 49 The extent of disparities in access to maternal fetal medicine specialists and indicated medicine subspecialists for high risk pregnant women remains unknown.
Delay of prenatal care initiation has been associated with endorsement of experiences of racism. 50 Although experiences of racism, discrimination, and stress have been the focus of research on perinatal outcomes, few studies have examined their association with maternal health outcomes. 51 Studies have shown black and American Indian/ Alaska Native women report the highest number of stressful life events in the year before birth. 52 Higher levels of self-reported and biological measures of chronic stress have been reported for black versus white pregnant women. 53 The Listening to Mothers III survey found that 40% of participants experienced communication issues, and nearly one quarter perceived discrimination during birth hospitalization. 54 Black or Hispanic race/ethnicity was associated with nearly 3 times higher odds of discrimination due to race, language, or culture. 54 Given the significant racial and ethnic disparities in timeliness and utilization of prenatal care and the fact that racial and ethnic minority women are more likely to have many chronic illnesses (including chronic stress) that place them at a higher risk of severe maternal morbidity and mortality, access to high quality antenatal care including availability of maternal fetal medicine specialists and medicine subspecialists for certain chronic illnesses is likely an important part of the pathways explaining disparities.
Preconception Care, Postpartum Care, and Disparities
The notion that improving preconception health can improve pregnancy outcomes by improving the overall health of women as well as reproductive planning is well accepted. 55 The elevated rates of obesity, hypertension, diabetes, and chronic illness among racial and ethnic minority women and the strong link between these comorbidites and adverse maternal outcomes highlights the crucial need for a focus on women's health before conception. Nearly one-half of pregnancies are unintended which underscores the need for a strong focus on contraception.
A recent study examining preconception risk factors associated with adverse birth outcomes (including obesity, at-risk drinking, smoking, diabetes, and frequent mental distress) found that the majority of women (52%) had at least 1 risk factor and nearly 20% had 2 or more risk factors. 55 Further, significant racial/ethnic disparities in prevalence rates were documented with American Indian and Alaska Native women having the highest rates of 4 of 5 preconception risk factors (at-risk drinking, smoking, diabetes, and mental distress). Black women had the highest rates of obesity, and Hispanics had the second highest rates of diabetes. Two or more risk factors was also highest among women who were American Indian and Alaska Native. Clearly there is evidence that many of these same risk factors put pregnant women at risk for severe maternal morbidity and mortality. Assistance in addressing both risk factors and chronic illnesses before becoming pregnant is crucial if we aim to reduce disparities.
Unintended pregnancies have been linked to multiple adverse perinatal outcomes and significant racial/ethnic disparities exist in untended pregnancies rates with black and Hispanic women having higher unintended pregnancy rates as compared with white women. 56 In fact black women have over twice the rate of unintended pregnancies as compared with white women. Although the association between unintended pregnancies with severe maternal morbidity and mortality is less studied, unintended pregnancies
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www.clinicalobgyn.com are associated with adverse perinatal outcomes including maternal depression. 57 Postpartum care is important for monitoring the health of women with chronic illness and as a means to link vulnerable women with the health system. Postpartum follow-up within 7 to 10 days of delivery is recommended for patients with hypertensive disorders of pregnancy. 58 Women with poor maternal outcomes are at increased risk for recurrence in their next pregnancy and are at increased risk of chronic illness in later life. For example, women with preeclampsia have an increased risk of cardiovascular disease, 59 and women with gestational diabetes have a 7-fold increased risk of later type 2 diabetes, 60 and an elevated risk of hypertension. 61, 62 Although the postpartum period presents an opportunity to intervene to improve this trajectory, the proportion of low-income women who attend a postpartum visit is low. 63, 64 No prenatal care and late entry into antepartum care are correlated with not attending the postpartum visit. 65 Many of these women face barriers such as cost, transportation, childcare, psychological distress, communication with provider, and knowledge.
66-68

Levers to Reduce Disparities
There is an urgent need to improve quality in obstetrics overall, as well as the care we deliver to racial and ethnic minority women. 69 This can be done by improving quality across the care continuum. As black and other racial and ethnic minority women have worse access to preconception and prenatal care as well as deliver in lower quality hospitals, overall improvements are likely to yield high benefits for these groups. We must also implement interventions that specifically target racial and ethnic disparities in maternal health and health care. The Council on Patient Safety in Women's Health Care and the Alliance for Innovation in Maternal Health (AIM Program) recently published the "Reduction of Peripartum Racial/Ethnic Disparities Patient Safety Bundle." This bundle provides action steps that institutions and clinicians can implement in an effort to reduce disparities in maternal morbidity and mortality. 13 The bundle considers steps across the care continuum.
IMPROVING DELIVERY AND HOSPITAL CARE THROUGH QUALITY INITIATIVES
A significant proportion of severe maternal morbidity and mortality events are preventable. Provider factors such as inappropriate or delay in diagnosis or treatment and system factors such as communication failures and policies/procedures not in place or not followed are common preventability factors. 70, 71 Preventability of these events maybe higher among black than white women. 70 In a study of maternal deaths, 46% of black and 33% of white maternal deaths were considered potentially preventable. 70 Improved quality of care is often considered the most important factor in preventing these events. 70, 71 A number of quality initiatives aimed at standardizing delivery care will likely improve care at all hospitals and especially the lowest performing hospitals, which serve a disproportionate number of racial and ethnic minority women. The implementation of safety bundles (eg, hemorrhage, venous thrombolic disease, hypertension) are important steps to improving care to women at all hospitals. 72 Protocols, checklists, triggers (such as maternal early warning criteria), simulation trainings, the provision of coordinated care and crew resource management, team training, staff training, credentialing, and the promotion of a safety culture have all been recommended in recent reviews. [72] [73] [74] [75] [76] 
EDUCATION AND COMMUNICATION ABOUT DISPARITIES
As recommended in the AIM bundle as well as others, educating clinicians and staff about racial and ethnic disparities in maternal outcomes, the importance of shared-decision making, cultural competency, and implicit 77 There are a number of tools about implicit bias and some studies show improvement in implicit bias with physician education and increased awareness of their biases. 78 Another step to enhancing the experience of racial and ethnic minority women is staff education about effective communication skills. There are toolkits referenced by AIM that address these fundamental issues in clinical care. 13 The only way to make progress in the reduction of disparities is by measuring them. Implementation of a disparities dashboard, which stratifies quality metrics by race and ethnicity, is a useful tool which allows hospitals and health care systems to become aware of disparities within their hospitals and to monitor their performance on quality metrics for groups with higher risks of poor outcomes. 79 This should be accompanied by quality improvement activities to target disparities. The bundle also emphasizes the importance of building a culture of equity similar to the recent focus on a culture of safety. Multidisciplinary maternal mortality and severe maternal morbidity reviews are recommended. There is also growing evidence that programs that partner with communities may have a substantial impact on improving quality and reducing disparities. 80 
NEW MODELS OF ANTENATAL CARE
Prenatal care utilization is thought to be important for promoting healthy pregnancies but its association with maternal outcomes is not well established. 51 There is a current trend toward patient-centered care in obstetrics and enhanced models of prenatal care are being evaluated by the Centers for Medicare and Medicaid Services (CMS) primarily with an interest in lowering preterm birth rates. Although there is insufficient evidence to determine whether any of the 3 models impact maternal outcomes and reduce disparities 2 of these approaches are of particular interest. One of the 3 enhanced models of prenatal care is CenteringPregnancy, a group prenatal care model, which has been implemented across the country. A randomized trial testing this model versus standard prenatal care among low-risk pregnant adolescents found a 33% lower preterm birth rate in the CenteringPregnancy group and these results were more pronounced among black versus white participants. 81 However, these results were not duplicated in a 14 center cluster randomized trial recently. 82 The impact of Centering on reducing disparities in severe maternal morbidity and mortality requires further study.
Another promising model is enhanced prenatal care at maternity care homes. The North Carolina Division of Health implemented a program called Pregnancy Medical Home for low-income pregnant women in 2011. The program provides case management for high-risk pregnant Medicaid patients. The program has received attention because of the declines in black maternal mortality rates in the state. 83 CMS is this evaluating this model of prenatal care at a number of sites across the country. 84 Enhanced prenatal care for high risk pregnant women may be an important addition. For example, the use of programs like CenteringPregnancy for pregnant women with hypertension or gestational diabetes might be a useful tool but additional study is required. In addition improving access to maternal fetal medicine specialists and medicine subspecialists is important for pregnant women with chronic illness and pregnancy-related Disparities in Maternal Morbidity and Mortality 395
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REINFORCING PRECONCEPTION AND POSTPARTUM CARE
Preconception care is an important window to target disparities in maternal morbidity and mortality. Given the elevated rates of obesity, hypertension, diabetes, and chronic illness among racial and ethnic minority women and the strong link between these comorbidites and adverse maternal outcomes, a focus on preconception care is crucial. Rates of unintended pregnancies are higher among black women, and these pregnancies are associated with elevated risk of adverse outcomes. Contraception is an important strategy to reduce maternal mortality and morbidity especially for women with select medical conditions. For example pregnancy is not advised with certain high risk cardiac conditions which confer elevated risk of maternal mortality. 58 Preconception care is important for optimizing clinical care and for giving women reproductive choice. 87 Preconception counselling is important to identify maternal risk factors, such as obesity, hypertension, and tobacco use, to optimize clinical health before pregnancy, and to review use of medications in an effort to potentially avoid exposure to a teratogen during conception and pregnancy. 87 There is growing recognition of the importance of postpartum care to improve the health of women during the interpregnancy interval and for long-term health. Significant racial/ethnic disparities in receipt of postpartum care are evidence and likely have implications for disparities in maternal health and the long-term health of women. New models of postpartum care are being developed. Our team combined a delivery system and payment system reform in an effort to reduce disparities in high risk postpartum care. The program includes a social worker/ care management component and payment system redesign. Preliminary results show improved rates of postpartum care and high satisfaction among low-income racial and ethnic minority women. 64 Additional postpartum programs utilizing patient navigators have also shown promise for improved retention in postpartum care, contraception uptake, depression screening, and vaccination among low-income minority women. 85 
Conclusions
Significant racial and ethnic disparities in maternal outcomes exist in the United States and there is an urgent need to reduce disparities. A growing body of research acknowledges the role that structural racism plays in generating these disparities. The complex nature of racial and ethnic disparities in severe maternal morbidity and mortality rates requires a multipronged approach to reduce their occurrence. A comprehensive approach to quality improvement throughout the care continuum (from preconception to postpartum and interpregnancy care) is required to reduce racial and ethnic disparities in severe maternal morbidity and mortality rates.
